Abstract In sewage treatment plants, physicochemical parameters are highly controlled since treated sewage can be returned to water bodies or reused. In addition, pollutants such as heavy metals also deserve attention due to their potential toxicity. In general, these characteristics of sewage and treated water are evaluated independently, with the support of Brazilian legislation that does not require a routine for the analysis of metals as frequent as for the physicochemical parameters. In this work, 66 samples of raw sewage, treated sewage, and effluents from two treatment plants in the city of Bauru, São Paulo, Brazil, were evaluated to assess the efficiency of the treatment plants in the removal of metals. In addition, the influence of these pollutants on the quantification of physicochemical parameters was evaluated. The quantification of metals was performed using inductively coupled plasma optical spectroscopy (ICP-OES), and Spearman's test was applied to evaluate correlation between physicochemical parameters and metal content. The main metals found in the samples were Ba, Mn, Zn, Cu, Se, Fe, and Al. The results indicate that concentrations of metals in the aquatic environment can significantly affect the physicochemical parameters, since high concentrations of metals can interfere mainly in the pH, chemical oxygen demand, and dissolved oxygen.
Introduction
The knowledge and concern about environmental contamination by metals have long been the subject of study and control, as these elements can be harmful to both the environment and human health, especially since when in high concentrations, they become toxic (Nriagu and Pacyna 1988; Järup 2003; de Vives et al. 2006; Vasconcellos et al. 2007; Khan 2011) .
The major routes of human exposure to metals are oral and inhaled. Regarding the metals widely found in the aquatic system, epidemiological studies suggest a possible association between aluminum (Al) and Alzheimer's disease, with Al being a risk factor for the development or acceleration of the disorder (Campbell 2002) . Contact with barium (Ba) can cause changes and even paralyze the heart rhythm because it is not an essential element to humans (CETESB 2013) . Lead (Pb) can affect almost all organs, with the central nervous system being the most sensitive in both children and adults. The main effects of exposure to Pb are weakness, irritability, nausea, abdominal pain, and anemia (Capellini et al. 2008; CETESB 2013) . Copper (Cu) and zinc (Zn) are essential elements for living organisms; however, the ingestion of water containing high concentrations of these metals can produce nausea, vomiting, abdominal pain, and diarrhea, especially in children (CETESB 2013) . At high concentrations in the body, these metals can induce changes in DNA causing even cancer (Järup 2003; Englert 2004) .
Heavy metals are persistent pollutants of the aquatic ecosystem due to their resistance to decomposition under natural conditions (Khan 2011) . Their presence in these environments is the result of several factors, such as rock leaching, atmospheric deposition, and urban and industrial wastewater discharge (Khan 2011; Kumar et al. 2014) . In particular, with the rapid population growth and increased sewage disposal, this becomes the final destination of large amounts of metals. High levels of metals present in water and sewage sludge have been observed worldwide, so some sewage treatment plants have already been designed to treat these dangerous pollutants in the aquatic system, for example, through retention basins for removing particulate matter by sedimentation (El Samrani et al. 2008; Mulchandani and Westerhoff 2016) . In general, sewage treatment plants perform procedures to adequately suit the effluents so that they do not cause environmental impacts that modify the physical, chemical, and biological characteristics of the receiving body that will receive this treated sewage.
Recognizing the levels of metals in sewage is important for their removal, treatment, and final disposal to fluvial bodies or even water reuse. In particular, evaluating the physical and chemical analysis parameters together with the levels of metals is fundamental since both factors may potentially have their values modified depending on the observed concentrations from one another.
Therefore, the objective of this study was to appraise the presence and concentration of metals in two treatment sewage (or wastewater) plants in Bauru to evaluate the influence of these metals on routine physicochemical parameters. , respectively. The WWTP Candeia involves bar screens, sand separator, Parshall flume, pumping station, sand drying beds, UASB reactor, biological aerated filter, secondary sedimentation tank, disinfection using sodium hypochlorite, contact chamber, and aeration ladder. The WWTP Tibiriçá is composed by bar screens, sand separator, Parshall flume, primary sedimentation tank, upflow anaerobic filter, constructed wetlands, and sludge drying bed.
After treatment, ETECan and ETETib effluents are released in Pau D'alho and Sossego streams respectively, both classified as class II.
Sample collection
A total of 66 samples was collected weekly in the period between July 2015 and September 2015. Samples were collected at three different points from both sewage treatment plants: (i) raw sewage (grating), (ii) treated effluent (output), and (iii) treated effluent disposal in river after (downstream).
The samples were collected by a stainless steel collector and transferred to polypropylene bottles and kept refrigerated until the moment of analysis. The procedure for collecting the samples was carried out according to the guidelines of the Standard Methods for the Examination of Water and Wastewater (APHA 2005) , so a representative sample of the surface water was obtained. As the surface water source was accessible by wading, the collection was done by direct dipping of the sample container into the stream. For metal analysis, 1.0 L of sample was collected and stored with the addition of 1.5 mL of nitric acid (APHA 2005) . For the physicochemical analysis, a further 2.0 L of sample was collected. The pH, temperature, and dissolved oxygen parameters were checked at the collection site, and the other physical and chemical analyses were performed in the laboratory.
Analytical methods for physicochemical parameters
The physicochemical analyses were carried out at the Wastewater Laboratory of the Department of Civil Engineering, School of Engineering. In all samples were performed tests to determine the following parameters: temperature, pH, conductivity, turbidity, chemical oxygen demand (COD), dissolved oxygen, and ammonia content. All analyses were performed in triplicate following the analytical methods described in the Standard Methods for the Examination of Water and Wastewater (APHA 2005) .
The temperature and pH were measured using a pH meter by field potentiometric determination. The conductivity analyses were performed by potentiometric determination through a conductivity meter Thermo Electron Corporation Orion 3 Star. The turbidity evaluations were performed in the turbidimeter HACH 2100N. In the COD analysis using the Hach method, with the Hach COD digestion solution kit, the Hach reactor was used for the digestion and a spectrophotometer of the same brand, model DR 6000, for absorbance measurement. The procedure duration for the COD analysis is 2 h at a temperature of 150°C using 2 mL of each sample by analysis. Dissolved oxygen analyses were performed by field potentiometric determination. Finally, for the quantification of ammonia, the multiparameter Thermo Scientific Orion 720 A+ with probe for Ammonia analysis was used.
Sample digestion for metal analysis
For metal quantification, the samples were submitted to a digestion process, in which aliquots of 10 mL of the samples were digested in a digestion block at 110°C, with the addition of 1.5 mL of HNO 3 and 1 mL of H 2 O 2 . Samples were digested in triplicate. The digested solutions were then replenished to 10 mL and stored in polypropylene tubes. All recipients used were precleaned in 5% HNO 3 for 24 h, then rinsed with Milli-Q water (APHA 2005) .
Instrumental analysis
Metal content was analyzed by inductively coupled plasma optical spectrometry (ICP-OES) technique, at the Wastewater Laboratory of the Department of Civil Engineering, School of Engineering. Multi-element standard solutions certified and traceable to NIST (Specsol®) were used to perform calibration. In each measurement, samples were analyzed in triplicate, and analyses of a blank (Mili-Q water) was also performed. The standard deviation obtained after the triplicate analyses was between 10 and 15% for all samples. To check accuracy of measurements, the reference material used were multi-element solutions purchased from Perkin Elmer. Although they are already liquid, these reference materials were subjected to the same process of digestion of sewage samples with HNO 3 and H 2 O 2 , to verify any possible contamination during the process. Accuracy tests showed that sample preparation and instrumentation conditions provided good levels of accuracy and precision, with differences of up to 11% of the nominal value from multi-element solutions.
Statistical analysis
To evaluate the correlation between metal concentration and physicochemical parameters, the Spearman test was performed with significance levels of 1 and 5% (Conover 1980 ). This test is appropriate since distributions of metal concentrations as well as physicochemical parameters showed an asymmetric distribution. The statistical software package used was SPSS 13.0. The accumulated precipitation values 24 h prior to sample collection were obtained from the automatic station of the Bauru Meteorological Center (IPMet).
Results and discussion

Physicochemical parameters
The physicochemical parameters of the samples are presented as box plots in Figs. 1 and 2. In these figures, the solid lines represent the value or the range of values for the respective parameter, found in raw domestic sewage (railing) (Von-Sperling 2005) . In some graphs, the reference lines are not presented because the Brazilian legislation does not contemplate reference values for such parameter.
The temperature variation was verified in the WWTPs presenting temperature values in the range of 19 to 28°C. According to the literature, the temperature is related to organic matter and dissolved oxygen (Fiorucci and Benedetti-Filho 2005) . According to Fig. 1a , it is observed that for the two WWTPs, the average temperature of the railing is higher than that of the downstream, possibly due to the higher absorption of heat by the organic matter present in the raw sewage. The temperature data are in agreement with the results obtained from the analysis of dissolved oxygen (Fig. 2c) . It is possible to observe, for the two treatment stations, that dissolved oxygen levels are close to 0 in the railing, where there is a correlation between the decrease of DO and temperature increase (Fiorucci and Benedetti-Filho 2005) . The pH values presented in Fig. 1b for the two WWTPs indicate a range between 5.8 and 7.9, values within the limits established by the legislation (CONAMA 2005) and consistent with the results obtained in other studies (Alves et al. 2008) . Figure 1c shows the conductivity values for the samples, ranging from 54.9 to 1568.0 μS cm −1
. The electrical conductivity is directly related to ions dissolved in an aqueous medium, so that the greater the amount of ions, the greater the conductivity of the water analyzed. This is an important parameter for evaluating water quality, since in general, sites with conductivity levels greater than 100 μS cm −1 can be classified as impacted regions (Alves et al. 2008 ; Oliveira and Cunha 2014; Gomes ; however, when comparing the values of railing and downstream, it is observed the efficiency in the removal of ions from the sewage treatment process of the stations evaluated.
Another physicochemical factor of relevance to evaluate the quality of the water is the concentration of ammonia, as this is an indication of recent pollution in the bodies of water (Alves et al. 2008 ). According to Fig. 1d, it . In the railing, the incoming effluents present several compounds (organic and inorganic) containing ammonia in their composition, showing a greater amount of organic matter and consequently a greater pollution of the water bodies, different from what was observed for the results for treated effluent (output). From these perspectives, it is possible to observe again the efficiency and importance of sewage treatment plants. Figure 2a shows turbidity values of the treated sewage in the two WWTPs. The turbidity is also able to classify impacted regions once the passage of light is interrupted causing all aquatic life to be threatened (Alves et al. 2008 ). The results showed that the turbidity is above the legal limit (100 UNT) for the samples in the railing. This increase must be related to the high level of organic matter, according to Fig. 2b . After the treatment carried out in the WWTPs, the downstream values are below the limit required by the legislation, thus evidencing the efficiency of the process. Figure 2b shows the values related to the chemical oxygen demand (COD), a parameter of extreme importance to evaluate the amount of organic matter present in the sewage or bodies of water, thus being fundamental to assess the degree of pollution of the aquatic environment (Jordão 2005) . The values presented show a similar behavior to the turbidity, since COD values in the raw sewage were higher than those of the output and downstream, behavior opposite to the levels of dissolved oxygen (DO), observed in Fig. 2c .
Metal concentration
The main metals found in the ETECan and ETETib sewage samples were Ba, Mn, Zn, Cu, Se, Fe, and Al.
These metals can come from various sources such as fertilizers, cleaning products, or factories located outside the industrial site of the city. Another source to be considered is the chemicals used in the treatment of water such as hydrated lime to obtain the final pH of treated water, sodium chloride used for disinfection, and sodium orthopolyphosphate to inhibit the formation of scale in distribution pipelines, among others (Alves et al. 2008; Oliveira and Cunha 2014) . It is also possible that high concentrations of iron may possibly come from obsolete pipelines. Figure 3 shows the concentrations observed for each metal and the rainfall index 24 h prior to collection, according to the date and place of sampling. In this figure, (Fig. 3a-f) , it is observed that, in general, the concentrations of the metals in the outputs and downstream are smaller than those in the railings, indicating that the sewage treatment performed in the WWTPs, although not aimed at the treatment and removal of metals, in some way promotes the reduction of its levels.
In Fig. 3 , it is possible to observe that the concentrations of metals Zn, Mn, and Ba are below the limit for discharges of treated effluent in class II water bodies, as opposed to Al, Cu, and Fe that are above the maximum limit allowed for output (CONAMA 2005) . Metals with concentrations above the permitted levels imply a greater concern due to the great toxicological potential of these elements, which can compromise human health, being its accumulation risk factor for a series of diseases from nausea to heart disease, Alzheimer's disease, and cancer (Campbell 2002; Capellini et al. 2008; CETESB 2013) . On August 7, one can see high amounts of some metals (Zn, Mn, Al, Cu, and Fe) only at ETECan. On August 25, the same event observed for the metals (Mn and Zn) and the other metals (Al, Cu, and Fe) presented higher values on September 1.
These events may be related to the illegal disposal of several compounds that end up in ETECan. However, it is worth mentioning that even in high concentrations in the railing, after the treatment carried out by the WWTP, the levels of metals were below or close to the values required by the legislation. Also in Fig. 3 , it is observed that in some cases, metals such as zinc, barium, iron, and aluminum were observed to be higher downstream when compared to the output. The presence of these elements not only in the sewage, but also in the class II water bodies, can be associated to several factors, such as soil leaching and wet deposition of metals present in the air pollution (wash-out fraction), and mainly due to irregular discards (Förstner and Wittmann 2012) . The presence of precipitation due to rainfall influences the concentrations of the compounds (organic and inorganic) found in water bodies. The increase in concentration is due to the leaching of these compounds. In Fig. 3a-f , it can be observed, in most cases, an increase in the concentration of metals in days after precipitation events (Gomes et al. 2017) .
Correlation between the evaluated parameters Tables 1 and 2 present the results of the Spearman correlation tests for the analyzed variables (pH, temperature, conductivity, turbidity, COD, dissolved oxygen, ammonia, and Mn, Al, Cu, Zn, Fe, and Ba contents in WWTP).
It can be observed that, as expected, most of the chemical parameters, such as temperature, pH, conductivity, turbidity, COD, DO, and ammonia, are correlated with each other. The negative correlation of the temperature with the dissolved oxygen is justified by the fact that with the increase of the temperature there is a decrease of the concentration of DO in aqueous medium due to the high molecular agitation that affects the surface tension of the liquid and facilitates the exit of this gas to the atmosphere (gas exchange). Consequently, one can also see an increase in conductivity, since the ionic activity of a solution is strongly dependent on temperature (~2% increase every°C) (Esteves 2011) .
The positive correlation of COD with turbidity and ammonia concentration indicates that the increase in turbidity is a consequence of the increment of the organic matter in the particulate matter in the water, also raising the concentrations of ammonia (present in organic matter) (Alves et al. 2008 ). The negative correlation between COD and DO is also justified by the high levels of organic matter present in water bodies that consumes the available oxygen (Alves et al. 2008; Oliveira and Cunha 2014) .
The positive correlation between the concentrations of the metals with turbidity and COD can be related to the presence of metals in the organic matter, since the studied metals can interact with the organic matter by physical and/or chemical interactions (adsorption, chelates, and complexes) (Alves et al. 2008; Oliveira and Cunha 2014) .
Studies concerning hydrogenionic potential (pH) are also crucial to better understand the quality of the water and various chemical processes involved, since the decomposition of organic matter can alter the pH and interfere with aquatic environment contributing to the precipitation of heavy metals (Alves et al. 2008; Oliveira and Cunha 2014) . The results of this study show a negative correlation between pH and metal concentration, which corroborates the hypothesis that metals are directly associated with organic matter, since low pH supports its decomposition. In the correlation results, it is noted that DO is negatively correlated with all metals (except Ba), indicating that the presence of high concentrations of metals may act by sequestering or reacting with free oxygen in aqueous medium, thus decreasing their concentration through of redox reactions (Miranda et al., 2009) .
In general, it should be noted that the high presence of metals has an impact on practically all physicochemical parameters together and/or is a consequence of the alteration of these same parameters. This indicates that the analysis of the metal levels can be considered when analyzing the physicochemical parameters.
Conclusion
The results showed an increase in temperature variation, consequently a decrease of the dissolved oxygen, and an increase of the organic matter, as shown by the COD results. The results obtained in the railing for turbidity and COD showed values above the legal limit, while the results of electrical conductivity showed above 100 μS cm −1 for all collected points (grating, output, and downstream) except for downstream of ETETib, indicating an impacted region. The treatment of the stations was efficient due to the decrease of the physicochemical parameters obtained at the output and downstream of the WWTP studied. The concentrations of the metals Zn, Ba, and Mn are below the legal limit for water bodies, whereas the metals Al, Cu, and Fe are above the legal limit. The correlation between the physicochemical indices and the levels of metals suggest that guidelines of different physicochemical parameters consider the levels of metals for the establishment of water quality indices. It is important to consider that the anthropic action, the main cause of the high concentrations of metals in the aquatic environment, can significantly affect the physicochemical parameters, since high concentrations of metals can interfere mainly in the pH, COD, and DO factors. Therefore, it is fundamental and important that in the routine analyses in sewage, the levels of metals should also be quantified, since high concentrations of metals can interfere mainly in the pH, chemical oxygen demand, and dissolved oxygen.
